Background Bedaquiline and delamanid have been approved for treatment of multidrug-resistant (MDR) tuberculosis in the past 5 years. Because of theoretical safety concerns, patients have been unable to access the two drugs in combination. Médecins Sans Frontières has supported the use of combination bedaquiline and delamanid for people with few treatment options since 2016. We describe early safety and efficacy of regimens containing the bedaquiline and delamanid combination in patients with drug-resistant tuberculosis in Yerevan, Armenia; Mumbai, India; and Khayelitsha, South Africa.
Introduction
For almost half a century, the treatment landscape for tuberculosis has remained largely unchanged. For multidrug-resistant (MDR) tuberculosis, low-quality evidence has supported long, toxic, and poorly performing regimens for treatment. Approximately 50% of people with MDR tuberculosis worldwide are reported to be successfully treated, with success dropping to as low as 11-33% for those with fluoroquinolone-resistant or extensively drug-resistant (XDR) tuberculosis. [1] [2] [3] In the past 5 years, two new drugs, bedaquiline (Janssen, Beerse, Belgium) and delamanid (Otsuka, Tokyo, Japan), have been shown to be effective in treating MDR tuberculosis both in randomised trials and in routine health-care settings. [4] [5] [6] Both medications are approved by stringent regulatory agencies-bedaquiline was approved in 2012 by the US Food and Drug Administration (FDA) 7 and the European Medicines Agency (EMA), and delamanid was approved in 2014 by the EMA 8 and Japan's Pharmaceuticals Medical Devices Agency. The approvals led to subsequent WHO recommendations for their individual use under specific conditions. 9, 10 As MDR tuberculosis needs to be treated with a combination of multiple effective drugs, the availability of two novel drugs has enormous potential to improve treatment outcomes, particularly for individuals with complex tuberculosis resistance profiles. However, concerns regarding the theoretical safety of combining bedaquiline and delamanid because of their common effects of prolonging the QT interval and an absence of studies on treatment regimens containing the combination have resulted in little or no WHO recommendations. [11] [12] [13] [14] Thus, very little documentation exists about the use of bedaquiline and delamanid treatment combinations. Two case reports of patients treated with bedaquiline and delamanid in combination have been published, 15 ,16 both of which described excellent early clinical outcomes. A case series of five patients treated with bedaquiline and delamanid in combination was published in 2017, 17 which also reported promising early safety and efficacy results. Two clinical trials assessing the safety and efficacy of the combination have recently started enrolling: the US National Institutes of Health's AIDS Clinical Trials Group protocol (ACTG5343; NCT02583048), which will assess the safety, tolerability, and pharmacokinetics of bedaquiline and delamanid alone and in combination; and the endTB trial (NCT02754765), a randomised, openlabel, phase 3 trial assessing the efficacy of several regimens for the treatment of MDR tuberculosis, including one combining bedaquiline and delamanid. Results of these trials are expected to be available in the next 3-5 years. 18 Because of complex resistance profiles, previous exposure to second-line drugs, or drug intolerance, an effective treatment regimen cannot be constructed for a substantial proportion of patients worldwide when making use of only one of the two new drugs in the regimen. 19 Médecins Sans Frontières (MSF) has supported the use of treatment regimens combining bedaquiline and delamanid since 2016 in settings that are highly affected by MDR tuberculosis. The objective of this retrospective analysis was to assess early (up to 6 months) safety and efficacy of treatment regimens containing the combination of bedaquiline and delamanid in a cohort of patients treated in MSF-supported programmes in Armenia, India, and South Africa.
Methods

Study design and population
This was a retrospective cohort study of all consecutive patients with MDR tuberculosis who started on a treatment regimen containing the combination of bedaquiline and delamanid between Jan 1, 2016, and Aug 31, 2016. Patients were older than 18 years, except for one adolescent aged 14 years who was treated on the basis of the input of paediatric MDR tuberculosis experts and with parental permission and patient assent. All patients treated for at least 1 week were included to ensure they had sufficient exposure to both medications. Patients were managed under routine programmatic conditions at MSF-supported sites in Yerevan (and surrounding districts), Armenia; Mumbai, India; and Khayelitsha, South Africa.
The combination of bedaquiline and delamanid was used as part of an individualised, multidrug
Research in context
Evidence before this study We searched MEDLINE, Google Scholar, the Cochrane database of systematic reviews, and trial registries on Oct 25, 2017, to identify studies in which bedaquiline and delamanid were given in combination. We further screened abstracts of the International Union Against Tuberculosis and Lung Disease's 47th World Conference on Lung Health in 2016 to identify studies of people receiving both bedaquiline and delamanid that had been completed but not yet published. We used the following search terms alone and in combination: "antitubercular agents/therapeutic use", "tuberculosis, multidrug-resistant/therapy", "extensively drug-resistant tuberculosis/therapy", "diarylquinolines/therapeutic use", "nitroimidazoles/therapeutic use", "bedaquiline", "OPC-67683", "OPC-67683","and delamanid". Our search strategy was broad and no exclusion criteria were used. The searches were done by one of the study team members (PI), who then presented findings to all coauthors for discussion.
Three published studies were identified; two were research letters published in 2016 reporting one case each. The two patients described in case reports, one from the Democratic Republic of Congo treated in France and one Tibetan refugee treated in India, had extensively drug-resistant tuberculosis and complicated medical histories. Culture conversion was achieved by both patients over the study period, although one patient had QTc interval prolongation, which was managed with temporary discontinuation of bedaquiline and symptomatic treatment. A case-series of five patients treated with the bedaquiline and delamanid combination was published in October, 2017. Culture conversion was achieved by four of five patients and one patient died. QTc interval prolongation (but no arrhythmias) occurred in two patients. Our search identified one systematic review, which only included the two case reports; no relevant conference abstracts were found. Two registered clinical trials were identified, both of them currently recruiting participants, NCT02583048 and NCT02754765.
Added value of this study Our data from three programmatic settings in Armenia, India, and South Africa, which have some of the major epidemic hotspots on three different continents, suggest that treatment regimens including the bedaquiline and delamanid combination are well tolerated and the early treatment response was highly satisfactory. By the end of the study period, two-thirds of patients had negative sputum culture and were clinically stable. In addition, regular electrocardiogram monitoring was sufficient to detect QTc prolongation and clinically significant cardiotoxicity was uncommon.
Implications of all the available evidence
Given the limited existing evidence on the coadministration of bedaquiline and delamanid in patients with complex drug-resistant tuberculosis, these study findings should inform clinical and programmatic practices and policies while definitive evidence is accumulating. Improved access to the new tuberculosis drugs as single agents and in combination is needed to improve the clinical management and survival of patients and to reduce community transmission of drug-resistant tuberculosis.
anti-tuberculosis treatment regimen. Patients were eligible to receive the combination if a regimen with at least four other effective drugs could not be constructed because of confirmed drug resistance, suspected resistance in the setting of previous drug exposure, drug intolerance, or a combination of these three factors. All cases were reviewed and treatment regimens were approved by an international medical advisory committee (MSF/Partners in Health EndTB committee). Combination bedaquiline and delamanid was initiated in patients at a primary care level (ie, ambulatory patients) in South Africa and India, and in patients admitted to hospital as well as at a primary care level in Armenia.
Ethical approval for this study was granted in South Africa by the University of Cape Town Human Research Ethics Committee (HREC 499/2011). The study has also fulfilled the exemption criteria set by the Médecins Sans Frontières Ethics Review Board (Geneva, Switzerland) for retrospective analyses of routinely collected clinical data and was done with permission from the Medical Director of Médecins Sans Frontières. All background treatment regimens were constructed according to WHO recommendations and patients were informed about the potential clinical benefits and potential adverse events of each drug in the treatment regimen, including bedaquiline and delamanid. Patients provided written informed consent to receive bedaquiline and delamanid.
Procedures
Treatment and hospital admission (when clinically indicated and regardless of cause) were offered free of charge to all patients in all three settings. Bedaquiline and delamanid were administered at the doses recommended by manufacturers: 400 mg of bedaquiline once a day for 2 weeks, followed by 200 mg three times a week and 100 mg of delamanid twice a day. All drugs were administered after a meal. Patients assessed as needing more than 24 weeks of bedaquiline and delamanid treatment were again reviewed by the expert advisory committee.
Treatment safety was regularly monitored. Serial laboratory tests were done systematically at least monthly, including haemoglobin measurement, electrolyte measurements, and renal and liver function tests. Other tests included baseline albumin measurements, thyroid function tests, and other investigations as indicated by clinical status.
An electrocardiogram was done at baseline at the start of treatment, every 2 weeks during the first 3 months of therapy, and monthly thereafter. QTc interval was calculated by the treating physicians and corrected for heart rate using the Fridericia formula (QTcF): observed QT interval divided by cube root of resting rate interval, in ms (QT/[resting rate]⁰ · ³³). The electrocardiogram was repeated only in the event of an abnormal QTcF. Treatment decisions were made on the basis of these results. The QTcF results used in this analysis to calculate the mean changes in QTcF have been recalculated independently by the study authors by use of the heart rate and QT from the electrocardiograms routinely done during the projects to control for potential calculation errors.
Active drug safety monitoring and management was done according to WHO recommendations. 20 Serious adverse events were reported, within 24 h of the clinical team becoming aware of the events, to the central MSF pharmacovigilance unit in Geneva, Switzerland. An assessment of causality associated with tuberculosis and non-tuberculosis drugs and other comorbidities was done by the treating physician and independently assessed by the MSF pharmacovigilance unit and reviewed by a medical adviser. Adverse events were graded according to the MSF pharmacovigilance unit severity scale based on the combined Division of Microbiology and Infectious Disease (DMID) adult toxicity table (November, 2007) and the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. Severity of events was graded on a scale of 1 to 4 with 1 being mild and 4 being life threatening. Adverse events that were not considered as serious were reported and recorded in local data collection tools, then reported to the pharmacovigilance unit on a quarterly basis.
Bacteriological monitoring, consisting of monthly smear and culture (on solid or liquid media), plus additional drug susceptibility testing (DST) for first-line and second-line drugs when positive cultures were obtained, was done at the National Health Laboratory Service (NHLS), Cape Town, for the South African cohort, at PD Hinduja National Hospital and Medical Research Centre, Microbiology Laboratory, Mumbai, for the Indian cohort, and at the National Reference Microbiology Laboratory, Yerevan, for the Armenian cohort.
Outcomes
Efficacy was assessed in the cohort using sputum culture conversion measured at 6 months. Sputum culture conversion was defined as two consecutive negative results taken at least 2 weeks apart in a patient with a positive specimen at baseline. 21 Baseline was defined as the initiation of bedaquiline and delamanid in combination even if background MDR tuberculosis treatment was already ongoing. Culture status at 6 months was also assessed as an efficacy outcome and included all people in the study who had a documented negative culture at 6 months regardless of baseline culture status.
Safety was measured in two ways. The first measurement was the occurrence of serious adverse events in the first 6 months of combination therapy. Serious adverse events were defined as deaths irrespective of cause, hospital admissions, events leading to disability or congenital malformation, and events considered life threatening or otherwise medically significant. The second measurement was prolongation of the QT interval corrected using QTcF. QTcF prolongation was defined as any absolute QTcF interval of at least 500 ms or as any QTcF interval increase of more than 60 ms from baseline.
Tolerability was measured as retention in care, defined as a person still receiving treatment for drug-resistant tuberculosis 6 months after initiation of the combination of bedaquiline and delamanid.
Standard WHO definitions were used for MDR tuberculosis and XDR tuberculosis treatment outcomes, including treatment failure, loss to follow-up, and death. 22 
Statistical analysis
Data were compiled from prospective data information systems routinely used at the project level and, when necessary, retrospectively extracted from patient medical records. Analysis was done on all safety and early efficacy results available up to 6 months after initiation of the combination.
Continuous variables are presented as medians and IQR, while categorical variables are presented as frequencies and proportions. Changes in QTcF over time at the cohort level are reported as the median difference between each follow-up timepoint and the baseline value. Box plots were used to show the distribution of the QTcF values over time (from baseline up to 6 months) including median, IQR, range, and outliers. Life tables were used to report on culture status over time. All statistical analyses were done using Stata, version 14.1.
Role of the funding source
The funder had no role in the study design, data collection, data analysis, data interpretation, or the writing of this report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.
Results
From Jan 1, 2016, to Aug 31, 2016, 28 patients were initiated on the combination of bedaquiline and delamanid. 14 patients (50%) were treated in Khayelitsha, South Africa, seven patients (25%) in Mumbai, India, and seven patients (25%) in Yerevan, Armenia (table 1). 17 (61%) patients were men and median age at combination initiation was 32·5 years (IQR 28·5-40·5). 11 patients (39%) were HIV positive. Of the 28 patients, 14 (50%) had MDR tuberculosis-ten of whom also had additional resistance to fluoroquinolones-and 14 (50%) had XDR tuberculosis. 21 patients (75%) had received previous treatment with second-line drugs, and 17 patients (61%) had a previous treatment failure.
All 28 patients received the bedaquiline and delamanid combination treatment because without the use of both drugs in combination, they had less than four effective core second-line drugs available to construct a regimen. 16 patients (57%) had bedaquiline QTcF=QT interval calculated using the Fridericia formula. *CD4 cell count was done in ten patients. †Body-mass index was assessed in 24 patients. ‡Albumin was measured in 25 patients. §Baseline QTcF was measured in 27 patients. ¶Disseminated tuberculosis. ǁBoth lymph node and pulmonary tuberculosis. and delamanid initiated at the start of their MDR tuberculosis treatment and 12 patients (43%) had the drug combination added to their initial regimen at a later date. Of the 12 patients who initiated the bedaquiline and delamanid combination after their initial regimen was started, one patient (8%) started the combination of bedaquiline and delamanid at the same time, whereas ten patients (83%) had delamanid added to a regimen already containing bedaquiline, and one patient (8%) had bedaquiline added to a regimen already containing delamanid.
Patients were treated with a regimen containing a median of seven drugs (IQR 6-8), including the bedaquiline and delamanid combination. 23 patients (82%) were also treated with at least one other QTc interval-prolonging drug, 21 patients (75%) with either clofazimine or moxifloxacin, and two patients (7%) with both clofazimine and moxifloxacin (table 1) .
23 (82%) of 28 patients were culture positive at baseline; eight (35%) of these had converted to culture negative by 2 months of treatment and 17 (74%) had converted by 6 months (figure 1). By 6 months, 22 patients (79%) were culture negative. Of the six patients who did not have confirmed culture conversion by 6 months, two (33%) were still culture positive at 6 months, two patients (33%) had only one negative culture available by 6 months, one patient (17%) was not able to produce sputum during the follow-up, and one patient (17%) was culture positive at 5 months and was lost to follow-up at week 24.
Of the five patients who were culture negative at the beginning of the combination, four patients (80%) remained culture negative during the first 6 months of treatment, and one patient (4%) died at week 6. Of the 26 patients (93%) alive and still receiving MDR tuberculosis treatment by 6 months, 22 patients (85%) were culture negative by 6 months. Overall, 19 patients (66%) were continued on the combination regimen beyond 6 months.
In total, seven (25%) of 28 patients had at least one serious adverse event, with a total of 16 serious adverse events being reported (9·8 events per 100 person-months; table 2). The median number of serious adverse events per patient was 1·0 (IQR 1·0-3·5). Gastrointestinal disorders (four [25%] of 16 events) and nervous system disorders (four [25%] of 16 events) were the most common serious adverse events, followed by psychiatric disorders (two events [12%]). Of the seven patients who had serious adverse events, one (14%) died. This was a patient with disseminated tuberculosis and advanced HIV (CD4 count of ten cells per μL at the time of tuberculosis diagnosis and 55 cells per μL at 1 month after), and was not receiving antiretroviral therapy at the time of treatment initiation with the combination of bedaquiline and delamanid. The patient was started on antiretroviral therapy 2 weeks after MDR tuberculosis treatment initiation and, after 4 weeks, had developed acute renal failure, severe hypoglycaemia, and other systemic signs and symptoms with a fatal outcome, which was assessed as likely to be related to immune reconstitution inflammatory syndrome. None of the other events led to permanent discontinuation of bedaquiline and delamanid combination; however, one serious adverse event led to the temporary withdrawal of bedaquiline. Four serious adverse events were classified as grade 4 in severity, one (angio-oedema) was not graded, and the remaining 11 events were classified as grade 3 or less. Four serious adverse events were assessed as potentially related to both bedaquiline and delamanid, one event to delamanid, and one event to bedaquiline. 11 (69%) of the 16 serious adverse events were resolved. Assessment of the causal association between serious adverse events and other coadministered drugs is presented in table 2.
The median QTcF values were 401 ms (IQR 381-432) at baseline, 430 ms (408-439) at 2 months, and 434 ms (408-446) at 6 months (figure 2). One patient was missing the baseline QTcF value and was therefore excluded from the analysis of QTcF change from baseline. The median changes from baseline at 2 months were 8 ms (-1 to 26) and 16 ms (-13 to 31) at 6 months (figure 3). No clinically significant cardiovascular events or cardiac arrhythmias were detected in our cohort. No patients had QTcF values greater than 500 ms. QTcF interval prolongation of more than 60 ms from baseline occurred in six instances in four patients; none of these patients were symptomatic and none led to permanent discontinuation of bedaquiline and delamanid. One instance was reported as medically significant and led to the temporary withdrawal of bedaquiline and delamanid for 1 week. One of the patients who had prolongation was receiving bedaquiline, delamanid, clofazimine, and moxifloxacin. The remaining three patients were on bedaquiline, delamanid, and clofazimine. These six instances of prolongation occurred at week 4 (n=1), week 6 (n=1), week 12 (n=1), week 16 (n=2), and week 24 (n=1).
Discussion
This is the largest reported cohort of patients with MDR tuberculosis treated with a regimen that included the combination of both new antituberculosis drugs, bedaquiline and delamanid, under routine programmatic conditions in three epidemic hotspots in eastern Europe, south Asia, and South Africa. Although the number of patients treated in the cohort was quite small, our preliminary results show that the use of the combination of bedaquiline and delamanid appears to be safe and can lead to high rates of culture conversion in patients who have historically had very little treatment success. Although our findings need to be extended to full treatment outcomes and confirmed in other settings and populations, these data support the use of combination bedaquiline and delamanid as part of multidrug treatment regimens for people with drug-resistant tuberculosis while definitive evidence is accumulating. These data challenge the theoretical risk of combining bedaquiline and delamanid because of concerns with regard to QTc prolongation. 19 In our cohort of closely monitored patients, no cardiac arrhythmias or unexplained deaths occurred and no patients had an absolute QTcF interval greater than 500 ms. Four patients in the cohort had a change in QTcF interval of more than 60 ms from baseline; however, these events were managed without permanent discontinuation of the bedaquiline and delamanid combination. In the two previously published case reports of patients taking the combination of bedaquiline and delamanid, one patient had a transient QT interval increase from week 5 to week 17, which was managed by temporary discontinuation of bedaquiline, and reintroduction after verapamil was administered. 7, 23 Of note, in patients on bedaquiline only in a study by Guglielmetti and colleagues, 23 9% of patients had experienced QTcF of more than 500 ms, which led to bedaquiline discontinuation in two (6%) of 35 patients. 23 However, in our cohort, permanent discontinuation of the bedaquiline and delamanid combination or of either drugs individually was not required, which is of particular interest given that other potentially cardiotoxic drugs were commonly coadministered in this cohort; 21 patients received either clofazimine or moxifloxacin and two patients received both.
The only death recorded in our cohort was in a patient with HIV infection with severe immunosuppression who died 6 weeks after the combination treatment initiation. The death was probably a result of immune reconstitution inflammatory syndrome; however, the exact cause of death could not be ascertained without an autopsy. The death was not associated with QTcF prolongation or other bedaquiline-associated or delamanid-associated serious adverse events.
Although our data are preliminary, they also support the efficacy of combinations of bedaquiline and delamanid in the treatment of highly resistant forms of tuberculosis. In our cohort of patients with complex resistance profiles (86% fluoroquinolone resistant and 50% XDR), and an HIV co-infection rate of 36%, we report a 6 month culture conversion rate of 74%. Even though final outcome data are not yet available, this is a notable finding. The proportion of patients with culture conversion in our study (74%) was considerably higher than those previously reported in patients with XDR tuberculosis in South Africa (55-58%). 3, 24 However, notably, linezolid was also used in most patients in our cohort (82%) as was clofazimine (68%), and these drugs have been shown to be associated with improved culture conversion and final outcomes in randomised trials. 25, 26 MSF began using the combination of bedaquiline and delamanid in patients for several reasons. Clinical trials formally assessing bedaquiline and delamanid only started enrolling patients in August, 2016. Furthermore, most of the patients treated in our observational cohort might not have qualified for participation in any of the ongoing or planned studies given the high proportion of second-line drug resistance, the substantial histories of previous treatment, and poor clinical conditions. Waiting 3-5 years until the studies are complete and formal results are available could result in excess morbidity and mortality in people with MDR tuberculosis while also contributing to ongoing community transmission. 27 Furthermore, although multiple ongoing trials are assessing shorter-duration combination regimens of new and repurposed tuberculosis drugs for MDR tuberculosis, careful assessments of novel therapies in populations outside of the controlled trial setting will always be needed, and MSF remains committed not only to providing this therapy but also to carefully analysing and reporting the data.
This interim analysis has several limitations. First, some QTcF data were missing, especially during the first 12 weeks of treatment. The missing data might be explained by the nature of the treatment administration and monitoring under programmatic conditions. Given the small size of the cohort, missing data, especially on one of the main safety outcomes of interest, might have led to an underestimation of QTcF interval prolongation in this cohort. The fact that monthly data were available for most individuals in the study and that these data were most robust during the first 2 months of treatment-and that such data did not show a prolonged effect on the absolute value of the QTcF interval-shows that if transient QTcF interval prolongation occurred during the periods of missing data, then such prolongation was likely to be temporary and self-correcting. Although MSF continues to strive to document QTcF data every 2 weeks in its patients on combination therapy, these data show that such intensive monitoring might have only a partial effect on patient care decisions, rendering it potentially unnecessary in the future. A similar phenomenon has been reported with HIV monitoring leading to more cost-effective mechanisms being put into place. 28 Other limitations derive from the small size of the cohort, the short follow-up time, and the observational, non-controlled study design. We report on surrogate markers of early treatment response, since final outcome data are not yet available; therefore, the results should be interpreted with caution. Some important follow-up data, mainly sputum culture, were also missing, which reflects the programmatic nature of this multisite study. Our excellent retention in care might indirectly indicate a selection bias in enrolling patients who were less likely to be lost to follow-up, which would have had a partial effect on safety outcomes. The potential efficacy risk bias is likely to be balanced by the fact that the patients more likely to be offered the combination were in fact those with the fewest treatment options.
The small cohort size also precluded us from looking at a number of important clinical topics, including the effect of HIV status and the effect of serial drug introduction (vs simultaneous drug introduction) on efficacy and safety outcomes. Such variables could be assessed in future observational cohorts in larger populations. Our study also did not assess baseline or acquired bedaquiline or delamanid resistance, since no standard microbiological definitions of resistance exist as yet. Measuring baseline and acquired resistance during therapy in future cohorts will be important to understand factors associated with the resistance to these two new drugs.
In conclusion, the treatment of 28 individuals with combination bedaquiline and delamanid appears to show both a reassuring safety profile and encouraging culture conversion results by 6 months when used as part of a multidrug regimen. Our results are especially important given the high proportion of patients with resistance to second-line drugs, previous treatment histories, and poor clinical status and comorbidities in people with MDR tuberculosis worldwide. While awaiting evidence from randomised trials on the efficacy and safety of bedaquiline and delamanid given in combination, we believe our results support continued simultaneous use of both drugs in patients with few treatment options in the setting of correct patient assessment and monitoring. Providing access to such therapy while formal clinical trials are being completed is essential, given the current landscape for successfully treating individuals with highly resistant strains of tuberculosis. 19 Our data suggest that broadly withholding such access over theoretical safety concerns is no longer justifiable.
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